The superconducting linac as a booster of the 15UD Pelletron accelerator was partly commissioned with one linac module housing eight quarter wave bulk niobium cavities along with the superbuncher and rebuncher cryomodules. Subsequently two more linac cryomodules were added to have in total 24 cavities for acceleration. In addition, a new Linde helium refrigerator of capacity 750 W @ 4.2 K was installed in parallel to the earlier CCI refrigerator. The new refrigerator was integrated with the earlier cryogenics network system through a specially designed liquid helium distribution line without any valve box. The cooling philosophy with this new system is modified to have a faster cool down rate in the critical zone (150 -70 K) to avoid Q disease. The helium gas pressure fluctuation in the cavities is reduced significantly to have stable RF locking. The full linac is being operated and beams with higher energy are being delivered to the users. The present paper will highlight the performance of the new cryogenic system with respect to cool down rate, and helium pressure fluctuation.
Introduction
A superconducting heavy ion linear accelerator as a booster of the 15 UD pelletron accelerator [1] at Inter University Accelerator Centre was planned to augment the energy of the heavy ion beam. The first phase of the linear accelerator was commissioned in 2006 with total 11 quarter wave bulk niobium cavities distributed in the first linac cryomodule (LC-1) along with superbuncher (SBC) and rebuncher cryomodule (RBC). These cryomodules were integrated with the CCI (Cryogenics Consultants Inc.) made helium refrigerator through an indigenously developed liquid helium distribution network [2] . In the year 2011-12 two more linac cryomodules (LC-2 & LC-3) were added to accommodate 16 more cavities. After the introduction of two more cryomodules, the demand for refrigeration capacity rose significantly. At the same time the available refrigeration capacity of the CCI machine reduced from 500 W to 300-325 W, because of degradation in efficiency of both the reciprocating expanders over the last 15 years. A new helium refrigerator (make M/s Linde Kryotechnik) with a specified capacity of about 750 W with liquid nitrogen precooling was installed in 2012 in parallel to the CCI machine. This new refrigerator was integrated with the existing cryogenics network system by using an additional distribution line without valve boxes. The schematic of the complete linac with the additional new refrigerator and distribution line is shown in Fig. 1 .
We had the first beam acceleration test with all five cryomodules and with the new refrigerator in 2012-13 and again in 2014 with total 25 cavities. The additional energy gain from the linac was approximately 7.5 to 8.0 MeV/(charge state). Table 1 shows a summary of the performance of the beam acceleration by the linac [3, 4] .
The present paper will be highlighting the performance of cooling the cavities with the new refrigerator along with other performance parameters like pressure fluctuation and vacuum during operation of linac. 
Cooling philosophy of the linac with the new refrigerator

Improvement of the radiation cooling
It was reported earlier [5] that based on the thermal performance of LC-1, there were minor design modifications on LC-2 & LC-3 to improve the cooling rate of the cavies. By further analysis of the radiation cooling part, it is found that radiation cooling is much more effective in LC-2 & LC-3 by elimination of the radiation funneling (Q fr ) around the penetrations. The schematic of radiation cooling and the performance comparison between LC-1 and LC-2 is shown in Fig. 2 . 
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It was reported earlier [5] that based on the thermal performance of LC-1, there were minor design modifications on LC-2 & LC-3 to improve the cooling rate of the cavies. By further analysis of the radiation cooling part, it is found that radiation cooling is much more effective in LC-2 & LC-3 by elimination of the radiation funneling (Q fr ) around the penetrations. The schematic of radiation cooling and the performance comparison between LC-1 and LC-2 is shown in Fig. 2 . By radiation cooling alone, the cavity temperature reduces to less than 170 K compared to the earlier 205 K for the first module. This helps us to discard the second stage of cooling by forced flow LN2 through the channel of cavities.
Cooling profile of cavities in the cryomodules with new refrigerator
The new refrigerator not only has the enhanced refrigeration capacity but also had the added features specific to our need for linac application. These features are:
(i) Control of the liquid helium flow to the cryogenics modules is achieved with low dewar pressure (1.2-1.25 bar) rather than the earlier high JT pressure; (ii) The return cold gas is fed into the cold box through three parallel return lines at different locations. Valves are opened using feedback on return gas temperature; (iii) The machine is completely automatic. The refrigerator will control its capacity either by lowering the discharge pressure or by reducing the mass flow rate of compressor, equipped with a variable frequency drive motor. This saves power and improves the coefficient of performance.
The cryomodules are cooled in sequence to have the best cool down rate (> 20 -25 K/hr.) in the critical zone (150 K -70 K) to avoid the Q disease. One of such a cool down profile for all cryomodules is shown in Fig. 3 . It started with RBC and LC-1 and subsequently LC-2, LC-3 and last one is SBC. The sequence of the cooling of the cryomodule depends on the requirement from the linac group and every time it is changed based on priority. 
Result & performance of operation with new the helium refrigerator
Helium pressure fluctuation inside the cavities
We carried out a systematic study on the performance of slow tuner response against helium pressure fluctuation in the cavity. It was observed earlier that when the pressure fluctuation rate is more than 3 mbar/min, the slow tuner is not able to cope up with the adjustment and the RF lock breaks.
recently we found that the pressure fluctuations are considerably reduced with the new refrigerator and this has significantly improved the stability of the RF locking. Fig. 4(a) shows the difference in cooling scheme between the present and the earlier ones. The measured pressure fluctuation in liquid helium vessel of LC-1 with earlier CCI refrigerator and present Linde refrigerator is shown in Fig. 4(b) .
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Linac heat load at 4.2 K
The heat load of the linac at 4.2 K is mainly contributed by the dynamic RF load and static load from five cryomodules and the distribution line. A preliminary measurement was carried out by isolating the individual load of each cryomodule and by adjusting the discharge pressure of the refrigerator to balance the heat load. From our earlier calibration of the maximum refrigeration capacity by tuning the discharge pressure, the heat load contribution by each element is evaluated and is shown in Fig. 5 . 
Liquid helium level control with variable load in cryomodule
In our earlier operation with CCI refrigerator, the liquid helium level for each cryomodule was not effectively controlled by supply valve and used to be maintained at 100% to have two phase return flow.
In the present mode of operation, the return stream must be a gas phase. Hence the liquid level is controlled at a pre-determined set value for each cryomodule by a PID controller with manual control option. Fig. 6 shows the liquid level profile in two modes of control operation at variable load in LC-1. 
Performance of helium refrigerator with variable load
It is noted that the refrigerator operates at a stable pressure of 9.75 bar with the static load of 280 W and consumes power of 150 kW. With the estimated additional dynamic load of 150 W for 25 cavities, the refrigerator stabilized at 11.5 bar and consumes power of 180 kW. It is also noted that the cavity with poor performance needs lots of refrigeration capacity and accordingly the refrigerator operates at a higher pressure and this enhances the power consumption significantly. The profile of the refrigerator operation parameters like discharge pressure, mass flow rate through compressor and plug power during powering of the RF cavity one by one are shown in Fig. 7 . 
Conclusion
With initial shortfall on cavity performance and RF coupling, now the complete linac with a new cryogenics system was successfully commissioned and a beam with higher energy was delivered to the users. Regular operation with different beams will be continued in the future.
